Animal models provide vital tools to explicate the pathogenesis of atherosclerosis. Accordingly, we established two atherosclerosis-prone mice models: (i) mice lacking the LDL (low-density lipoprotein) receptor (LDLR) and the ability to edit apo (apolipoprotein) B mRNA (Apobec1; designated LDb: LDLR −/− Apobec1 −/− ), and (ii) mice with the LDb background, who also overexpressed human apoB100 (designated LTp: LDLR −/− Apobec1 −/− ERhB +/+ ). Both LDb and LTp mice had markedly elevated levels of LDL and increased levels of NEFAs (non-esterified fatty acids) compared with C57BL/6 wild-type mice. However, fasting glucose and insulin levels in both animals were not different than those in C57BL/6 wild-type mice. It has been suggested that PAF-AH (platelet-activating factor acetylhydrolase) increases susceptibility to vascular disease. Both LDb and LTp mice had significantly higher PAF-AH mRNA levels compared with C57BL/6 wild-type mice. PAF-AH gene expression was also significantly influenced by age and sex. Interestingly, PAF-AH mRNA levels were significantly higher in both LTp male and female mice than in the LDb mice. This increased PAF-AH gene expression was associated with elevated plasma PAF-AH enzyme activities (LTp > LDb > C57BL/6). Moreover, a greater proportion of PAF-AH activity was associated with the apoB-containing lipoproteins: 29 % in LTp and 13 % in LDb mice compared with C57BL/6 wild-type animals (6.7 %). This may explain why LTp mice developed more atherosclerotic lesions than LDb mice by 8 months of age. In summary, increased plasma NEFAs, PAF-AH mRNA and enzyme activities are associated with accelerated atherogenesis in these animal models.
INTRODUCTION
It is well recognized that the plasma apo (apolipoprotein) B level is a strong predictor of atherosclerosis and coronary artery disease [1, 2] , and the commonest cause of an increased plasma apoB is over-secretion of apoBcontaining lipoprotein particles by the liver [3] . Moreover, over-secretion of apoB in humans has also been associated with insulin resistance [4, 5] . Therefore extensive clinical and molecular investigations have been carried out to understand the factors that regulate hepatic apoB secretion.
Genetically engineered mice have become important tools to dissect the relationship of apoB with atherosclerosis. Sanan et al. [6] generated mice expressing human apoB100 on the background of deficiency in LDL (low-density lipoprotein) receptor (LDLR). These mice have markedly elevated levels of LDL and reduced levels of HDL (high-density lipoprotein) and develop complex atherosclerotic lesions on a chow diet.
The mouse liver, unlike the human liver, expresses Apobec1 (apoB mRNA editing enzyme) [7] and produces apoB48-containing lipoproteins. This difference is recognized as one of the main reasons that wild-type mice are resistant to atherosclerosis. Recently, Powell-Braxton et al. [8] crossed mice lacking Apobec1 (Apobec1 −/− ) with mice deficient in LDLR (LDLR −/− ). This mouse model (LDLR −/− Apobec1 −/− ) secreted mouse apoB100-containing lipoproteins only, had markedly elevated LDL-cholesterol levels and developed extensive atherosclerosis on regular chow diet by 8 months of age. Both animal models develop atherosclerosis on a chow diet; however, mice expressing human apoB100 had much higher levels of plasma triacylglycerol (triglyceride) and lower levels of HDL compared with the mice expressing mouse apoB100. In humans, over-secretion of apoB is associated with hypertriglyceridaemia and insulin resistance. We sought to generate a mouse model that overexpresses human and mouse apoB100 to compare with mice which express mouse apoB100 only (LDLR −/− Apobec1 −/− ; designated LDb) to determine whether these animals were insulin-resistant. To do so, it was necessary to engineer a rare triple genetically modified mouse line that overexpresses human apoB on the background of deficiency in both LDLR and Apobec1 genes (LDLR −/− Apobec1 −/− ERhB +/+ ; designated LTp).
In the present study, we show that these animals are not insulin-resistant on a chow diet. However, they have markedly elevated levels of plasma NEFAs (nonesterified fatty acids) and increased gene expression of PAF-AH (platelet-activating factor acetylhydrolase) and plasma PAF-AH activity. Of importance, both NEFAs and PAF-AH were positively associated with the development of atherosclerosis.
MATERIALS AND METHODS

Generation of LDb and LTp mice
To generate the LDb mice (LDLR −/− Apobec1 −/− ), Apobec1 −/− mice (kindly provided by Dr Lawrence Chan, Department of Medicine, Baylor College of Medicine, Houston, TX, U.S.A.) [9] were backcrossed with C57BL/6 to five generations of backcross mating (96.88 % of the C57BL/6 genome). The progeny were then cross-bred with LDLR −/− mice (The Jackson Laboratory, Bar Harbor, ME, U.S.A.), yielding a double-mutant mouse line. To generate the LTp mice (
mice [10] were backcrossed with C57BL/6 to ten generations of backcross mating and cross-bred with LDLR −/− mice, yielding a triple genetically modified mouse line.
The genotypes of the mouse lines were confirmed by PCR and Southern-blot analysis using mouse tail genomic DNA as the template [9, 11] .
Animal experiments
All animal experiments were conducted in accordance with the Guidelines of the Animal Protocol Review Committee of the University of Texas Health Science Center at Houston, Houston, TX, U.S.A. Male and female LDb and LTp mice were kept on a regular chow diet (4 % mouse/rat diet 7001; Harlan Teklad, Indianapolis, IN, U.S.A.) for the duration of the study. At the end of the indicated time, the mice were fasted for approx. 10 h, weighed, anaesthetized using 0.02 ml of 2.5 % (v/v) Avertin/g of body weight, via intraperitoneal injection, exsanguinated and the blood samples were collected in EDTA tubes. The aorta was excised. The liver and other tissues were collected and snap-frozen in liquid nitrogen and stored at − 80
• C until use.
Analysis of plasma lipid and lipoprotein levels
Pooled plasma (200 µl) was separated by FPLC on two Superose 6 columns (Amersham Biosciences, Piscataway, NJ, U.S.A.). Fractions (0.5 ml) were collected using an elution buffer [154 mM NaCl, 1 mM EDTA and 0.02 % NaN 3 (pH 8.2)] as described previously [10, 12] . Very-LDL, LDL and HDL lipoproteins were separated by this technique. The cholesterol and triacylglycerol concentrations in each fraction and in plasma were determined using Infinity TM Cholesterol and Triglyceride reagents respectively (Sigma-Aldrich, St. Louis, MO, U.S.A.).
Plasma glucose and NEFAs were determined using glucose and NEFA commercial kits obtained from Wako Chemicals (Richmond, VA, U.S.A.). Plasma insulin concentrations were measured by a commercial ELISA kit obtained from Crystal Chem Inc. (Downers Grove, IL, U.S.A.). The concentration of human apoB100 in mouse plasma was determined by ELISA, as described previously [10, 13] , using monoclonal antibody 4G3 (University of Ottawa Heart Institute, Ottawa, Ontario, Canada), which recognizes the C-terminal residues 2980-3084, i.e. full-length human apoB100 [14] .
Western-blot analysis of mouse apoB, apoE and apoAI
The mouse apoB, apoE and apoAI in mouse plasma and FPLC fractions were determined by Western-blot analysis. Briefly, mouse plasma samples (1 µl of a 1:10 dilution) or FPLC fractions (5 µl) were electrophoresed on a 6 % ProSieve 50 gel for apoB (FMC BioProducts, Rockland, ME, U.S.A.) and on a SDS/ 12.5 % (w/v) polyacrylamide gel for apoE and apoAI, and transferred on to an Immobilon P membrane (Millipore, Danvers, MA, U.S.A.), as described previously [10] . The membrane was then incubated with anti-(mouse apoB) polyclonal antibodies (generously given by Dr Thomas Innerarity, Gladeston Institute for Cardiovascular Disease, San Francisco, CA, U.S.A. [15] ), or with anti-(mouse apoE) or -(mouse apoAI) polyclonal antibodies (generously given by Dr Brian Ishida, Cardiovascular Research Institute, University of California, San Francisco, CA, U.S.A.), followed by HRP (horseradish peroxidase)-conjugated rabbit anti-(mouse IgG) polyclonal antibodies (Amersham Biosciences). Bound secondary antibody was detected using the ECL (enhanced chemiluminescence) detection system (Amersham Biosciences). The specificity of the anti-(mouse apoB) antibodies was confirmed by Western-blot analysis, as described previously [10] , where no crossreactivity with human apoB was observed. The relative intensities of the apoB100, apoE and apoAI bands on the autoradiogram were determined by densitometry and calculated using the NIH (National Institutes of Health) Image program 1.58 f. molecules were employed in duplicate for the assay. Total RNA was treated with DNase (DNA-free kit; Ambion) to remove DNA contamination. The optimum RNA concentration for each gene was determined initially using real-time quantitative RT-PCR. Each RNA sample was then diluted accordingly. We used 100 ng and 10 pg of total RNA to quantify PAF-AH mRNA and 18 S RNA respectively. Briefly, each 10 µl reaction contained 1 µl of diluted total RNA, 5 µl of 2× mastermix, 0.25 µl of 40× multiscribe and RNase inhibitor mix, 900 nM each of forward and reverse primers and 250 nM probe. A serial dilution of synthetic standard RNA was included with each experiment. The reaction was employed at 48
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• C for 30 min and 95
• C for 10 min, followed by 40 cycles at 95
• C for 15 s and 60
• C for 1 min. At the end of the reaction, the result was analysed using the Sequence Detection System Software version 1.7 (Applied Biosystems). Each of the RNA samples was normalized with the endogenous control of 18 S ribosomal RNA. The copy numbers were calculated from the standard curve. The results are expressed as the ratio of specific RNA/18 S RNA.
En-face analysis of atherosclerotic lesions
The mice were anaesthetized, as described above, exsanguinated and the aorta was carefully excised with part of the heart still attached. Under the stereomicroscope (Leica MZ60), all of the fat and adventitious tissues were removed. With the major branching vessels still attached, the aorta was opened longitudinally from the iliac bifurcation to the aortic arch and all the branching vessels and the heart were then removed. The aorta was pinned flat on a white wax surface, fixed overnight in 10 % (v/v) formalin and stained with freshly prepared filtered Oil Red O solution [17] . The aorta was scanned using the Polaroid Sprint Scan 35 Plus with Geoscan Enabler, the image was captured using Adobe Photoshop 5.0, and the background was removed with the guidance of the stereomicroscope. The total areas of the aorta and the atherosclerotic plaques were quantified using SigmaScan Pro 4.0 imaging software (SPSS Science, Chicago, IL, U.S.A.). The results were presented as the percentage of the aortic surface covered by lesions (mm 2 ) divided by the total surface area of the aorta (mm 2 ).
Statistical analysis
Results are presented as the means + − S.D. It is known that factors, such as the genotype of the animal, sex and age, all influence the levels of plasma lipids and apos, the levels of mRNAs and the severity of atheorosclerotic lesion development. The interactions between each factor often mask the thresholds for significance of the main factor. In the present study, we used ANOVA to analyse the effects of genotypes, sex and age on parameters including body weight, plasma cholesterol, triacylglycerol and human apoB (see , Table 1 ), glucose, insulin and NEFAs (see ,  Table 2 ), PAF-AH mRNA and PAF-AH activity (see Figure 3, and Table 3 ) and atherosclerotic lesions (see ,  Table 4 ). This method would reflect the true strength of the main factor and the interaction effects of several factors on each parameter, unlike the t statistic, which is only suitable for analysis of the effect of the main factor in the absence of interactions [18] . The corresponding P values are tabulated in Tables 1(B) , 2(B), 3 and 4(B). A P value of < 0.05 is considered significantly different. The program for implementing ANOVA was written in MATLAB. First, we used the three main factors, genotype, sex and age, to analyse simultaneously their effects on each parameter. The main effect of each factor was to measure the changes of the mean value of each parameter at each level, e.g. three genotypes (C57BL/6, LDb and LTp), sex (male and female) and age (2, 5 and 8 months). The effect of the interaction was to measure the dependence of the main effect of each factor on the levels of the other factors.
RESULTS
Plasma lipids, lipoproteins, glucose, insulin and NEFA levels in mice
In Table 1 (A), the plasma parameters of male and female mice of wild-type C57BL/6, LDb (mice expressing mouse apoB100) and LTp (mice expressing human and mouse apoB100) on a regular chow diet are shown. The results of the ANOVA are shown in Table 1 (B). The body weight of each genotype increased steadily from 2 months to 8 months of age in both males and females (Table 1 ; P < 10 −12 ), and the males were heavier than the females (P = 7.7 −8 ). Moreover, the body weights of LDb and LTp were significantly different from C57BL/6 wild-type mice (Table 1 ; P = 0.0003), whereas the differences between LDb and LTp were not significant (P = 0.1664). The levels of plasma cholesterol and triacylglycerols in LDb and LTp were at least 5 times higher than that of C57BL/6 mice. When the parameters of LTp mice to LDb mice were compared, the LTp animals had significantly higher levels of total cholesterol (P < 10 −16 ) and triacylglycerols (P < 10 −12 ) than LDb animals (Table 1 ) as a result of overexpressing human apoB100. The concentrations of human apoB levels in LTp mice were not influenced by age and gender ( Table 1) .
The markedly elevated levels of plasma lipids were the result of increased concentrations of VLDL and IDL (intermediate density lipoprotein)/LDL with decreased levels of HDL, as determined by FPLC analysis (Figure 1) . Compared with LDb mice, the LTp mice had more cholesterol and triacylglycerol in the VLDL and IDL/LDL fractions. The distribution of cholesterol, especially triacylglycerol, in the IDL/LDL fraction in LTp mice showed a more heterogeneous pattern; the peak of the curve shifted towards the right, which indicated the presence of smaller LDL. Interestingly, LTp mice also had lower HDL-cholesterol but increased triacylglycerol compared with LDb mice. These findings suggest that overexpression of human apoB100 produced a more heterogeneous pool of lipoproteins in plasma.
In comparison with LDb animals, Western-blot analysis of FPLC fractions (Figure 2A) revealed LTp animals had less mouse apoE (total densitometric units: LTp = 656 compared with LDb = 1016) in VLDL and IDL/LDL fractions, as well as less mouse apoAI in HDL fractions (total densitometric units: LTp = 165 compared with LDb = 432). In contrast, mouse apoB was increased in the fractions of VLDL and IDL/LDL in LTp mice compared with LDb mice (total densitometric units: LTp = 345 compared with LDb = 153). These observations were consistent with the results shown in the mouse plasma of apoAI and apoE ( Figure 2B ). The LTp animals had 3.0-and 1.9-fold lower levels of apoAI and apoE respectively, than that of LDb animals (average densitometric units, apoAI: LDb = 78.0 + − 18.2 compared with LTp = 26.1 + − 2.2; apoE: LDb = 34.4 + − 5.6 compared with LTp = 18.3 + − 1.24). However, the mouse plasma apoB levels between these two genotypes remained relatively the same (average densitometric units, apoB: LDb = 26.0 + − 1.1 compared with LTp = 21.3 + − 2.5).
Since the elevated levels of plasma triacylglycerols and the reduced concentrations of HDL are very common in patients with diabetes, we measured the fasting plasma glucose, insulin and NEFA levels (Table 2A) in these mice. Plasma glucose levels were not consistently different Similarly, plasma insulin levels were also not consistently different among the three genotypes (P = 0.6393). In contrast, when compared with C57BL/6 wild-type mice, the plasma NEFA levels in both
LDb and LTp mice increased significantly (P < 10 −10 ; Table 2B ) and the difference was influenced by sex (P = 0.0007). Moreover, NEFA levels were significantly different between LDb and LTp (P = 2.1 −5 ), where LTp females had a significantly higher level than LDb females (P = 0.0010). Therefore the results suggest that, on a regular chow diet, despite marked hyperlipidaemia, these two genotypes (LDb and LTp) were not insulin-resistant, although they did have markedly elevated levels of plasma NEFA compared with C57BL/6 wild-type mice.
Altered activities of PAF-AH in LDb and LTp mice
PAF-AH is a serine lipase, which can hydrolyse PAFlike molecules e.g. phospholipids, to produce LPC (lysophosphatidylcholine) and NEFAs. In mice, PAF-AH is associated primarily with HDL, whereas, in humans, PAF-AH is associated preferentially with LDL, especially small-dense LDL [16, [19] [20] [21] . Since LTp mice had a heterogeneous pool of LDL with the indication of the presence of small LDL, we measured the PAF-AH mRNA levels, plasma enzyme activities and the distribution in lipoprotein fractions in these animals.
When compared with C57BL/6 wild-type mice, both LDb and LTp mice (males and females at 5 and 8 months of age) had significantly elevated PAF-AH mRNA levels (P < 10 −16 , P < 0.0124, and P < 0.0002 for genotype, age and sex respectively; Figure 3 , and Table 3 ). Furthermore, PAF-AH mRNA levels were significantly higher in LTp mice than LDb mice ( Figure 3 , and Table 3 ). Next, we determined PAF-AH enzyme activity in the plasma of 5-and 8-month-old mice (the activity of 8-month-old C57BL/6 mice was not determined). The results reveal that both LDb and LTp mice had significantly higher (P = 0.0001) plasma PAF-AH enzyme activity than C57BL/6 mice ( Figure 3 , and Table 3 ). Similar to the results obtained for PAF-AH mRNA, LTp mice also had significantly higher (P = 0.0097) enzyme activity compared with LDb ( Figure 3 , and Table 3 ). Therefore the two atherosclerosis-prone animals had higher levels of PAF-AH mRNA and plasma PAF-AH activities compared with C57BL/6 wild-type mice.
The distribution of PAF-AH activities among the lipoprotein fractions separated by FPLC was then determined in C57BL/6 wild-type, LDb and LTp mice. The cholesterol concentration and PAF-AH enzymic activity from each fraction were measured and the results were expressed as the ratio of FPLC fractions 1-20 (VLDL + IDL/LDL fractions) divided by the total FPLC fractions (1-34). As expected, approx. 7 % of the total PAF-AH activity and approx. 3 % of the total cholesterol was associated with the VLDL/LDL fraction in the C57BL/6 wild-type mice. In contrast, most of the cholesterol in LDb and LTp mice (82 % and 90 % respectively) was in the VLDL/LDL fraction, and there was an increased association of PAF-AH activities in these fractions in LDb and LTp mice (13 % and 29 % respectively). The increased PAF-AH activity in LTp mice could be the result of overexpression of human apoB100 in these mice.
Atherogenesis
Next, we used the en-face technique to quantify the atherosclerotic lesions in the whole aorta in order to determine the acceleration of atherosclerotic lesions in LTp and LDb mice. As shown in Table 4 (A), atherosclerotic lesions developed more quickly in LTp mice than in LDb mice (P = 0.0066; Table 4B ); it increased 4.6-and 4.3-fold from 5 months to 8 months of age in LTp males and females respectively (P < 10 −6 ; Table 4B ). On the other hand, in LDb mice, lesions extended 2.8-and 2-fold from 5 months to 8 months of age in males and females respectively (P < 10 −6 ; Table 4B ). At 8 months of age, LDb males had significantly more lesions (P = 0.006) than females, whereas, in LTp mice, there was no significant difference in lesion development (P = 0.1202) between males and females (Table 4B) . LTp female mice had more lesions than the age-matched female LDb mice (1.9-fold more lesions). Therefore the gender difference in atherosclerosis susceptibility shown in LDb mice was lost in LTp mice. Taken together, overexpression of human apoB in the LTp mice accelerated lesion development from 5 months [12] [13] [14] [15] [16] [17] [18] [19] [20] and HDL (fractions [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] were analysed by SDS/PAGE, followed by Western blotting with anti-(mouse apoE) (mApoE), anti-(mouse apoB) (mApoB) and anti-(mouse apoAI) (mApoAI) polyclonal antibodies. Immunoreactive bands were detected using the ECL detection system, as described in the Materials and methods section. The intensity of each band was determined by densitometry and analysed using the NIH Image program 1.58 f. (B) Pooled plasma samples (1 µl) from LDb and LTp male mice 2, 5 and 8 months of age were separated by SDS/PAGE, followed by Western blotting as described in (A). This experiment was performed three times. Similar results were obtained from the female mice. The intensity of each immunoreactive band was determined by densitometry and analysed using the NIH Image program 1.58 f.
to 8 months of age, and the relative protection of gender from atherosclerosis was lost in the LTp female mice.
DISCUSSION
The principal findings of the present study were that combined hyperlipidaemia was produced in mice lacking both Apobec1 and LDLR, which was not associated with significant abnormalities in glucose or insulin metabolism, but was associated with elevated levels of the plasma levels of NEFA and PAF-AH and increased levels of PAF-AH mRNA. To the best of our knowledge, this is the first report of these findings in a mouse atherosclerosis model. Table 2 Plasma glucose, insulin and NEFA levels in wild-type C57BL/6, LDb and LTp mice (A), and the strength of the individual factor (genotype, age and sex) and the interaction between each factor on glucose, insulin and NEFAs (B)
In (A), each value represents the average fasting plasma concentrations of 7-15 mice at the indicated age. Results are expressed as means + − S.D. In (B), results were analysed using ANOVA as described in the Materials and methods section. P values are shown. Three-genotype, C57BL/6, LDb and LTp; Two-genotype, LDb and LTp. P < 0.05 is in bold. 
The abnormal fatty acid metabolism observed in both genetically altered mice (LDb and LTp) would not be predicted based on their predecessors. Mice deficient in Apobec1 have normal chylomicron transport [22] and normal levels of plasma triacylglycerols [8, 9, 22] and NEFA (males, 0.49 + − 0.23 mmol/l; females, 0.42 + − 0.19 mmol/l). Similarly, mice deficient in LDLR have normal ranges of plasma NEFAs (males, 0.68 + − 0.30 mmol/l; females, 0.53 + − 0.11 mmol/l) and normal chylomicron transport and normal levels of plasma triacylglycerols [8] . However, when crossbred, these two strains, as well as overexpressing human apoB, had elevated plasma NEFAs, elevated plasma cholesterol and triacylglycerol, increased VLDL and LDL levels and accelerated atherosclerotic lesion development. This combination of findings points to the fact that combined hyperlipidaemia is due to increased hepatic VLDL secretion, which is due, in turn, to increased fatty acid flux to the liver. Of interest, NEFA levels were even higher in the LTp mice, and this was associated with even higher levels of VLDL and LDL. These observations support the hypothesis that fatty acid flux is a critical determinant in nmol of acetate · h −1 · ml −1 of plasma. Statistical analysis using ANOVA of these results is shown in Table 3 . [23, 24] . In these animals, increased secretion of apoB100-containing lipoproteins resulted in elevated levels of plasma NEFAs because of either impaired fatty acid uptake or increased fatty acid release from peripheral tissues [24] . The result is a vicious cycle, the consequence of which is the accumulation in plasma of large amounts of VLDL and IDL/LDL particles. However, it is not clear 0.006
0.1202 ----why the combination of genetic deletions should interfere with the normal peripheral clearance of triacylglycerols and uptake of fatty acids by adipose tissue or why they should interfere with the normal clearance of chylomicron remnants by the liver. Nevertheless, one, or other, or both, must have occurred to account for the concurrent elevation in NEFAs, cholesterol and triacylglycerols in both the LDb and LTp mice. The second major finding was that, on a chow diet, notwithstanding marked combined hyperlipidaemia and elevated NEFA levels, there was no marked disturbance of plasma glucose or insulin in either LDb or LTp mice. Thus there was no evidence of insulin resistance in mice with obviously abnormal fatty acid flux and metabolism. This is in contrast with the association between dyslipidaemia and dysglycaemia, which has been observed so frequently in humans. However, since the measurements of glucose and insulin levels were done in mouse plasma after 10 h fasting and since we did not directly test the glucose tolerance [25] , we cannot rule out that these animals may still have insulin resistance and/or they might develop insulin resistance on a high-fat diet.
The third major finding was the relationship of the increased levels of NEFA and PAF-AH in the development of atherosclerotic lesions in these animals. As shown in Figure 4 , the atherosclerosis-susceptible animals clearly had elevated levels of NEFA and PAF-AH activity. These three genotypes had distinctly different levels of PAF-AH activities, with LTp mice (mice overexpressing human apoB) having the highest levels of PAF-AH activity.
Elevated NEFA levels in humans have been shown to impair nitric oxide release from the endothelium [26] .
Furthermore, increased NEFAs might also contribute to the induction of reactive oxygen species generation in the endothelial and vascular smooth muscle cells [27] . Thus the elevated levels of NEFA in both LDb and LTp mice may directly contribute to the development of atherosclerosis. A current perspective has listed the levels of circulating NEFAs as a factor to predict the patient's risk of acute cardiovascular complications [28] .
In contrast, the association of PAF-AH with disease has been controversial. Increased PAF-AH activity has been demonstrated in human and rabbit atherosclerotic lesions [29] , but its relationship to risk in human clinical studies has been variable. The strongest results, to date, have come from the study from the West of Scotland Coronary Prevention Study [30] . In a nested casecontrolled study, Packard et al. [30] have shown that the level of PAF-AH in plasma is positively associated with coronary artery disease. Two other studies have supported this observation. In univariate analyses of the Women's Heart Study [31] , PAF-AH was a significant predictor of cardiovascular risk, but the strength of the relationship diminished considerably on multivariate analyses. Preliminary results from the ARIC (Atherosclerosis Risk in Communities Study) also point to a positive relationship with coronary disease, at least at low levels of LDL-cholesterol [32, 33] . In contrast with these results in Caucasians, deficiency of PAF-AH in plasma in Japanese patients has been associated with an increased risk of stroke and coronary artery disease [34] .
These contradictory results may be explained by the fact that PAF-AH is carried in both LDL and HDL. The relationship to risk is positive in LDL, whereas the relationship to risk is negative for HDL. Our present study has documented that both LDb and LTp mice had an increased association of PAF-AH with apoBcontaining lipoproteins and, therefore, the risk would have been predicted to be increased. There are at least two mechanisms by which LDL-associated PAF-AH could increase the risk of vascular disease. First, PAF-AH appears to promote the formation of smaller dense LDL particles [32, 35] , which enter the arterial wall more easily and bind to the proteoglycans within the arterial wall more avidly than the larger, more buoyant, LDL particles. The results from our FPLC analyses of the PAF-AH activities on lipoproteins in both LDb and LTp mice show the peak shift towards the small LDL regions. Secondly, LDL particles to which PAF-AH is attached will generate more LPC and oxidatively modified NEFAs [36] . This will accelerate LDL oxidation and provoke an inflammatory response within the arterial wall, both of which will accelerate atherogenesis.
In summary, the present study indicates for the first time in a murine model that elevation of plasma NEFAs is associated with an increased risk of atherosclersosis and that increased NEFAs are not associated with insulin resistance. The mechanisms by which NEFAs contribute to atherosclerosis are currently being actively studied in our laboratory.
